Assessment of the degree of conversion in light-curing orthodontic resins with various viscosities by Lorenna Oliveira Fernandes de Araujo et al.
Assessment of the degree of conversion 
in light‑curing orthodontic resins with various 
viscosities
Lorenna Oliveira Fernandes de Araujo1, Osmar Barreto2, Adriano Augusto Melo de Mendonça1 
and Rodrigo França3*
Background
A wide variety of orthodontic resins are currently being used clinically for the bonding 
of orthodontic brackets, orthodontic bands and fixation of lingual appliances. Among 
the options available on the dental market, resin composite adhesives are a good choice 
for orthodontic bonding because these materials have good mechanical and aesthetic 
properties and low failure rates [1]. Orthodontic resin-based adhesives with photo-acti-
vation properties are a widely accepted group of composites in the profession because 
of their advantages such as high early bond strength, better aesthetic performance and 
controlled working time [2, 3].
Recently, flowable or low viscosity composites have been applied for orthodontic use 
by many clinicians. However, there are few studies available on this type of composite, 
and its characteristics and interactions with the enamel surfaces and the oral cavity. 
Abstract 
Objective: The aim of this study was to determine the degree of conversion (DC) for 
five orthodontic resins with different viscosities, to examine a probable relationship 
between the viscosity factor and the degree of conversion of the materials.
Methods: Five commercially-available light-cured orthodontic bonding resins were 
used in this study: two medium viscosity resins [transbond XT (TR); opal bond MV (OB)]; 
two low viscosity resins [vertise flow (VF); opal bond flow (OF)]; and a fluoride-releasing 
sealant [opal seal (OS)]. The specimens were made and polymerized for 20 s. Fourier 
Transformed Infrared spectroscopy (FTIR) was used to assess the DC of carbon-carbon-
double bonds from all samples.
Results: The DC was significantly different among the materials: (TR, 24.6 ± 0.04 %; 
OB, 39 ± 0.02 %; VF, 44.3 ± 0.01 %; OS, 52.5 ± 0.01 %; OF, 53 ± 0.04 %; p < 0.05) and the 
lowest viscosity materials had the highest DC values.
Conclusion: The resins studied have different DC values, which can be explained by 
the unique composition of each brand of resin. There is a relationship between the 
viscosity of a material and its degree of conversion, which is shown in this study by the 
two low-viscosity orthodontic resins that had a higher DC.
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Flowable composites are produced by retaining the same small particle sizes as for tradi-
tional hybrid composites and reducing the filler content, which allows a decrease in the 
mixture viscosity [4].
Studying the degree of conversion (DC) of orthodontic resins and its relationship with 
material viscosity is important to determine if different brands of resin composites show 
different leaching abilities for unpolymerized components, and thus present different 
potentials for toxicity to cells in the mouth [5]. Studies show that components released 
by dental resin composites, including diluents such as triethylene glycol dimethacrilate 
(TEGDMA), some additives, plasticizers (dicyclohexyl phthalate; bis (2-ethylhexyl) 
phthalate), can make collagen and protein found in the oral cavity and throughout the 
human body less resistant to enzymatic degradation. In addition, the resin composite 
co-monomer, TEGDMA, can cause gene mutation in vitro [5–7]. Thus, materials that 
have a higher degree of dissolution and/or chemical degradation do not seem to be the 
best choice for a clinician. Therefore, mechanical and physical properties of new materi-
als need to be studied, to validate their safety when used in the oral environment.
Thus, the purpose of this study is to investigate the DC of five commercially available 
light-cured orthodontic resins that present different viscosities. The results may deter-
mine a relationship between the viscosity and the DC of the materials.
Methods
Five brands of light-cured orthodontic bonding systems with different viscosities were 
selected for this study. Commercial names, viscosities and composition indicated by the 
manufacturers of these materials are shown in Table  1. A total of 25 specimens were 
produced, 5 for each brand of composite used in this experiment (n = 5).
The specimens, 5 mm in diameter and 2 mm in length, were made at room tempera-
ture using a silicon mold. After placing a small amount of material into the mold, a Mylar 
strip was placed on top of the unpolymerized material and a 4-mm-thick glass slide was 
pressed on top of the silicon mold. This process was repeated for all brands of resin.
Each specimen was polymerized for 20  s using a LED light-curing unit (VALO, 
Ultradent), The light intensity was 1000 mW/cm2, the amount of time and energy pro-
vide for light curing were above the minimum required by the manufactures. A glass 
Table 1 Material identification
Material Code Viscosity Basic ingredients Manufacturer
Transbond XT® TR Medium viscosity Bis-GMA, Bis-EMA, silane-
treated quartz, silane-
treated silica
3M Unitek, Monrovia, CA, 
USA
Opal Bond MV® OB Medium viscosity Bis GMA, ethyl 4-dimethyl-
aminobenzoate
Ultradent, South Jordan, 
UT, USA
Vertise Flow® VF Low viscosity Uncured methacrylate 
ester monomers, inert 
mineral fillers, ytterbium 
fluoride, activators, 
stabilizers, colorants
Kerr, Orange, CA, USA
Opal Bond Flow® OF Low viscosity Bis GMA, ethyl 4-dimethyl-
aminobenzoate
Ultradent, South Jordan, 
UT, USA
Opal Seal® OS Orthodontic Sealant (38 % 
filled bonding primer)
Ethyl alcohol, HPMA Ultradent, South Jordan, 
UT, USA
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slide (1  mm) was used to standardize the distance between the light source and each 
specimen, and also to produce specimens with a flat surface. Immediately after polym-
erization, the samples were subjected to Fourier transform infrared (FTIR) spectroscopy 
analysis.
Non-cured resin specimens were also subjected to FTIR spectroscopy, to serve as 
non-cured references. Each sample was placed directly on top of the device’s crystal 
for prompt analysis. The degree of polymerization was monitored by the FTIR spectro-
scopic analysis in transmission mode, and then converted to absorbance mode, using the 
device’s software. The FTIR spectrometer (Nicolet 6700, Thermo Scientific) ran under 
the following conditions: 4000–400 cm−1 wavenumber range 0.09 cm−1 resolution and 
32 scans.
The DC was obtained using the results from the spectroscopic analysis. The DC was 
calculated using the formula shown in Fig.  1. The equation correlates the absorbance 
value of the aliphatic C=C peak approximately at 1638  cm−1 with the aromatic C–C 
peak at approximately 1609 cm−1, for the samples before and after polymerization. Sta-
tistical analysis was performed using a one-way analysis of variance (ANOVA) and Tuk-
ey’s post hoc test at a significance level of 5 %.
Results
There were significant differences in the degree of polymerization for the resins in this 
study (p < 0.05). The DC was calculated using the FTIR analysis results from each sam-
ple, and then determining the percentage for each group of samples. The mean values 
(MV) and their standard deviations (SD) are presented in Table  2 and illustrated in 
Fig. 2.
Based on the mean values of conversion recorded for each material, the materials 
with a lower viscosity showed a higher degree of polymerization than those with higher 
viscosity.
TR had the lowest mean DC value (24.6 %), which was significantly different than the 
other materials (p < 0.05). The DC results were 39, 44.3 and 52.5 % for OB, VF and OS, 
respectively. There were no significant differences between the mean values of OB and 
DC% = 1 – Caliphac / Caromac . 100
Ualiphac / Uaromac
Fig. 1 Equation to determine the degree of conversion
Table 2 DC mean values and standard deviation
St* Similar letters are not are not significantly different (p > 0.05)
Resins MV (%)/SD St*
TR 24.6 (±4.67) E
OB 39 (±1.96) D
VF 44.3 (±1.03) C
OF 53 (±4.53) A
OS 52.5 (±1.01) AB
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VF, or between VF and OS. However, mean values for OB and OS were significantly dif-
ferent. OF showed the highest mean DC value that was significantly different from all 
the other systems tested, except OS.
Discussion
This study assessed the quantity of residual non-reagent monomers right after the 
polymerization of orthodontic resins that are available on the dental market. It was 
found a correlation between the DC and the degree of viscosity for the materials tested.
Among other techniques, FTIR is an efficient and widely used to verify the DC [5, 8, 
9]. However, this method has limitations. The FTIR does not allow assessment of the 
depth of cure; that is, differences in the polymerization level between different parts of 
the sample are ignored [10]. In this study, the DC % values reported are averages from 
the top layers of each orthodontic adhesive tested.
The DC or degree of polymerization of the aliphatic C=C in a given orthodontic adhe-
sive is an important factor because it affects the physical and mechanical properties of 
these materials such as hardness, tensile strength, compressive strength, dissolution 
(solubility), degradation and biocompatibility [11, 12]. The conversion of monomers is 
determined by the percentage of the remaining methacrylate groups after curing, when 
compared to the quantity present in the uncured material [9].
Orthodontic bonding resins, in their polymerized form, are not inert materials [13]. 
Even when following the manufacturers’ recommendations and instructions regarding 
polymerization, quantities of uncured components can be found and can be leached into 
the oral environment with the help of saliva. Thompson et al. [13] used UV spectropho-
tometry to analyse unpolymerized material extracted from cured orthodontic bonding 
resins in various aqueous solutions. Their findings show that orthodontic resins release 
considerable quantities of uncured components and that appropriate precautions should 
be taken when handling these materials.
The chemical composition of orthodontic bonding adhesives is similar to that of den-
tal composites and sealants [1, 13]. These materials usually contain a mixture of high and 
Fig. 2 Mean and standard deviation for degree of conversion (%) of 5 orthodontic resins
Page 5 of 7de Araujo et al. Appl Adhes Sci  (2015) 3:26 
low molecular weight methacrylate monomer derivatives such as BIS-GMA and TEG-
DMA, respectively, and also polymerization inhibitors, catalysts and inorganic particles 
[14]. These components are exposed to oral fluids and they contact oral tissues through-
out orthodontic treatment. Although they are widely accepted in modern dentistry, the 
composition of these materials presents cytotoxic properties that can be hazardous to 
patients’ health [13, 15–17]. Studies show that monomer leaching from resins can occur 
at two time points: during the resin setting period and when the resin is degraded [18]. 
Monomer leaching at the first time point is related to the degree of conversion.
The data obtained in this study is in agreement with published findings, which indicate 
that different materials have different percentages of remaining methacrylate groups 
after light curing (i.e. different DC values) [14]. The differences found in conversion val-
ues could be attributed to variation in resins composition, in terms of monomeric sys-
tems, type and quantity of load particles, concentration of diluents and initiators [19]. 
The percentage of chemical conversion in the orthodontic resins analyzed decreased 
within a range of 24.6–53  %, which is in contrast to the range of 55–75  % that was 
reported in other studies [20–22]. Ferracane and Greener [27] studied unfilled Bis-
GMA-based dental resins that had a DC ranging from 55 to 72 %. Data related to the 
TR system, which showed the lowest DC % value, was similar to the findings of other 
studies that tested the same resin for cytotoxicity and DC [19, 23]. Two resins from Opal 
Orthodontics, the OF and OS, showed the highest DC % values, but there was no statis-
tical differences among the resins. These two are low viscosity resins, and the OS is a flu-
oride-releasing orthodontic sealant, which is intended to protect the dental surface that 
will receive the bracket. To date, there are only a few studies on the Opal Orthodontics’ 
resins [24]; one of these studies was by Hess et al. [25], who studied the decalcification 
phenomenon of the dental structure during orthodontic treatment.
Correlating the DC % values and the viscosity of the materials investigated, the high-
est DC mean values were found in the low viscosity samples, suggesting a relationship 
between the DC and viscosity of materials. The filler content and the viscosity of resins 
may interfere in the monomer conversion, because they can limit the mobility of mono-
mers and propagation of the polymerization reaction [26]. The lower viscosity of resins 
allows better monomeric mobility and distribution of free radicals inside the material, 
which can enhance the polymerization process leading to a greater monomer conversion 
[27]. Because of this principle, low viscosity composites may allow enhanced diffusion of 
reactive groups and promote the curing reaction, resulting in a higher DC [27]. In addi-
tion, lower viscosity composites have been shown to adequately bond to enamel without 
requiring an intermediary resin, and they also have the ability to infiltrate acid-etched 
enamel to form a strong bond [28, 29].
The findings of this study showed the degree of polymerization of some commercially 
available orthodontic resins and determined an association with the material viscos-
ity. However, further laboratory and clinical studies are recommended to analyze other 
properties of orthodontic resins, especially the flowable type.
Conclusions
Among the tested resins, the low viscosity resins had a higher DC, which can indicate 
a lower toxicity. This may be because of a potentially low residual monomer elution, 
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resulting in a lower health risk and a better choice of material to be used in clinical 
practice.
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